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Abstract— Spatial Data Infrastructure (SDI) is an important 
concept for sharing spatial data across the web. With cumulative 
techniques with spatial cloud computing and fog computing, SDI 
has the greater potential and has been emerged as a tool for 
processing, analysis and transmission of spatial data. The Fog 
computing is a paradigm where Fog devices help to increase 
throughput and reduce latency at the edge of the client with 
respect to cloud computing environment. This paper proposed 
and developed a fog computing based SDI framework for mining 
analytics from spatial big data for mineral resources 
management in India. We built a prototype using Raspberry Pi, 
an embedded microprocessor. We validated by taking suitable 
case study of mineral resources management in India by doing 
preliminary analysis including overlay analysis. Results showed 
that fog computing hold a great promise for analysis of spatial 
data. We used open source GIS i.e. QGIS and QIS plugin  for 
reducing the transmission to cloud from the fog node. 
 
Index Terms— Cloud computing, Cloud-GIS, Fog Computing, 
SDI, spatial analysis, mineral resources. 
 
I. INTRODUCTION 
     Spatial Data Infrastructure (SDI) has facilitated by sharing 
and exchanging of spatial data holding by various stake-
holders. It has initiated to create an environment which 
enables a wide variety of users to retrieve, access and 
disseminate spatial and related non-spatial data in secure 
way[1]. SDI has the capability for storage and decision 
making of spatial data, bringing data and maps to a common 
scale as per the user needs, querying, superimposing and 
analyzing the data and designing/ presenting final reports/ 
maps to the administrators and planners [2]. The utility of SDI 
for planning of environmental monitoring, natural resource 
management, health care, land use planning and urban 
planning, watershed management, marine or coastal 
managements [3][1], land information and decision making 
have become widely popular and are being used in different 
areas for a wide range of applications. SDI has became an 
emerging area in which it has the ability to integrate and 
analyze heterogeneous thematic layers along with their 
attribute information to create and visualize alternative 
planning scenarios for planners and decision makers. The user 
friendliness of SDI is a feature that has made SDI a preferred 
platform for planning in global, regional, national and local 
level coupled with various analyses and modeling 
functionalities. SDI integrates common spatial database 
operations such as query formation, statistical computations 
and overlay analysis with unique visualization and 
geographical functionalities[3][4]. These characteristics 
distinguish SDI from other spatial decision support systems 
and make it valuable to a wide range of public and private 
enterprises for explaining events, predicting outcomes and 
designing strategies. By integrating SDI with cloud computing 
technology and fog computing , it has been merged to perform 
a value added services that give rise to spatial cloud 
computing [9] [13] [18]. Spatial data have rich information 
about temporal as well as spatial distributions[14]. In 
traditional setup, we send the data to the cloud server where 
these are going for further processing and analysis. 
 
II. PROPOSED FRAMEWORK  
 
     In the present paper, it has proposed the advance 
architecture of spatial fog computing in mineral resources  
 management sector. The mineral resources related spatial data 
has been processed at the edge using Fog computing device. 
The present paper made the following contributions to mineral    
resources management: 
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• mrFog framework is proposed for improved through-       
put and reduced latency for analysis and transmission 
of spatial data in mineral resources management 
sector 
• Raspberry Pi was employed as the fog computing 
device. 
• Spatial data analysis scheme and overlay analysis in 
thin clients environment was performed using mrFog 
Framework. 
• It has performed a case study by doing overlay 
analysis of mineral resources management in India. 
 
III. RELATED WORK 
A. SDI Framework 
            In early 80s and late 70s, many national surveying and 
mapping agencies has planned for coordination of surveying 
and mapping activities. They felt the need to initiate strategy 
for providing greater access to develop Geographical 
Information tools and efforts to build spatial information 
system [6], [7], [24], [25]. In this process, focus has been 
shifted on the conceptualization and development of SDI) The 
term SDI has coined in 1993 by the US National Research 
Council to describe the provision of standardized geographical 
information access. SDI constitutes a set of relationships and 
partnerships which enable the spatial data sharing, updating 
and integration [5].One of the core components of SDI 
framework can be defined as data people, access networking, 
policy and standards. These can be grouped into different 
categories based on the nature of their interactions within the 
SDI framework [8]. The people and data can be taken as one 
category while the second category can be the access network, 
standard and polices as the main technological components. 
The nature of second category is dynamic due to the rapid 
development of technology [10]. This has been suggested that 
an integrated SDI cannot be thought as having spatial data, 
end-users alone and value-added services but instead involves 
other important issues regarding scalability, interoperability, 
network, security and policies also. That has been reflected the 
dynamic nature of SDI framework concept that is depicted in 
Figure 1. 
 
 
Fig.1  The Dynamic Nature of SDI Framework [1] 
 
 
From the dynamic nature of SDI framework, it has been 
defined as to share data across the global, regional, national, 
state and local levels. By advancement of technology of 
Service Oriented Architecture (SOA) and cloud computing 
framework, there is a huge development in the spatial data 
sharing and processing mechanism in SDI framework 
[11][12]. The cloud computing and fog computing technology 
have been used for implementing in SDI framework [19][20]  
[21][18] for better management of spatial data over web, that 
give rise to the concept of mineral resources management in 
India which has been discuss in the next section. 
 
B. Need of SDI for mineral resources management in India 
 
Mineral Resource exploration and management are an 
important activity that can contribute considerably to the 
economy of India as well as foreign investments. This mining 
sector has been facing an increased competition on account of 
globalization and the level of technologies which has been 
employed. Therefore, it is necessitating a new beginning for 
meeting the innovative challenges of better extraction and 
management of mineral resources. Mineral resources are 
precious and non-renewable and limited, which has been 
required a unique management policy and standardization. 
The scientific managements and proper standardization policy 
not only provide the efficient use and exploitation of mineral 
resources but also relates to social, economical and sustainable 
development. That leads to make proper coordinated efforts to 
support greater investment in exploration and management of 
mineral re-sources. By integrate cloud and fog computing 
technologies with Remote Sensing, GIS and GPS technology 
to increase efficiency and productivity of this mineral sector. 
That needs to establish a well organized mineral resources 
information Infrastructure management in India with the help 
of fog computing and spatial technology. Thus, Fog 
computing based SDI framework for mineral resources 
information infrastructure from the perspective of user is one 
of the urgent needs to the society. In present era of high end 
information scenario, new technologies and tools have 
emerged to store, collect, analyses and retrieve various types 
of information related to mineral resources de-posits. These 
unique challenges cause barriers in extensively information 
sharing of mineral resources data and restrain the effectiveness 
in responding and understanding to proper management. To 
overcome these challenges in mining sec-tor, sharing and 
mapping of mineral resources information in an interoperable 
and secure framework under GIS and fog computing 
environment [18]. So, next section describes the fog 
computing approaches in different scenario. 
 
 
  
 
Fig.2. mrFog: Conceptual diagram of the proposed FogSDI framework for power-efficient, low latency and high throughput analysis of the spatial data. 
 
 
 
IV. PROPOSED MODEL 
A. Fog Computing 
Cloud computing provides shared data analysis and 
computer processing, in other terms Cloud is a hub of 
computing resources such as high power computing servers, 
computer networks, storage and services. The availability of 
high-capacity networks, low-cost computers and storage 
devices makes cloud a highly demanded service for the users 
seeking for high computing power. Cloud can interact with the 
fog devices. From the last couple of years, Fog Computing has 
been provided the low-power gateway which can increase 
throughput and has been reduced the latency near the edge of 
the various spatial data processing at client layer 
[15][16][23][26]. It has also found that the fog computing 
reduces the storage needed for spatial big data in the cloud 
computing environment. In addition, the reduction of storage 
space in the required transmission power results in overall 
improvement and efficiency of its uses. Fog computing has 
been successfully implemented in many sector like health-care 
and smart cities [17][18][22]. This paper concentrates on the 
side of fog computing, which allows users a higher computing 
power at the instrument end. . Reliance on fog will help cut 
the costs associated with the Cloud to an extent in the area of 
mineral resources management. Thus, by integrating of fog 
computing with SDI technology, we proposed a framework 
which is discussed in next section. 
 
B. mrFog Framework 
 
This section describes various components of the proposed 
Fog SDI Framework i.e. mrFog and discusses the methods 
implemented in it. It has been employed Raspberry Pi as Fog 
computing device in proposed mrFog framework. Raspberry 
Pi connects to WIFI and has been used Ubi-Linux operating 
system for running compression utilities. Figure2 shows the 
proposed mrFog Framework. The fog device acts as a gateway 
between thick, thin and mobile clients and cloud layer. The 
proposed Fog SDI Framework has three layers as client tier 
layer, cloud SDI layer and Fog SDI layer. In client tier, the 
categories of users have been further divided into thick client, 
thin client and mobile client environment.  
 
 
Fig.3. Overlay operation on thick client environment in Quantum GIS 
Environment. 
 
Processing of spatial data can be possible within these three 
environments. Spatial Cloud layer is mainly focused on 
overall storage and analysis of spatial data. The Fog layer 
works as middle tier between client tier layer and spatial cloud 
layer. It has been experimentally validated that the fog layer is 
characterized by low power consumption, reduced storage 
requirement and overlay analysis capabilities. 
 
V. RESULTS & DISCUSSIONS 
   
In this section, data analysis particularly overlay analysis is 
performed for mineral resources mapping of India. Over-lay 
Analysis has been done with the help of QGIS Plugin 
Quantum GIS open source GIS environment. It has been 
superimposed various spatial data in a common platform for 
better analysis of mineral spatial data. It also gives the 
platform to analyze the pattern and trends of occurrence of 
minerals from the different regions of India. Figure 3 shows 
the snapshot of the overlay analysis of mineral information 
mapping of India in Quantum GIS environment 
 
VI. CONCLUSION 
   
In this paper, it has been developed mrFog framework that 
employed Fog gateway in the middle of Client tier and Cloud 
SDI tier. Raspberry Pi processor has been used as the fog 
computer. The Fog gateway reduces the transmission power, 
storage space requirements and increased throughput to 
overall efficiency of mineral resources management using 
mrFog framework. The mrFog framework introduces edge 
intelligence in mineral resources spatial cloud environment. In 
future, it has to compare and contrast with the cloud SDI 
architecture with addition of more intelligent processing at the 
Fog layer in mobile client environments. 
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